D
URING the course of a stereotaxic surgical operation, difficulty is often experienced in visualizing the anatomy of the brain in three dimensions and defining its relationship to the coordinate reference system of the stereotaxic instrument. It is hard therefore to appreciate the exact new anatomical position taken up by the electrode when it is moved from one set of instrument coordinates to another.
Apart from the acknowledged complexities of cerebral anatomy, the perception and appreciation of the anatomical layout of the brain in three dimensions is rather difficult for clinicians who have become somewhat accustomed in their training to think more freely in two rather than three dimensions using data derived from anteroposterior and lateral projections.
To determine the precise pathway which an electrode is going to take through the patient's brain and to follow its progress through the maze of interlacing cerebral structures is a complex geometrical problem. The surgeon needs to recognize the position of the three anatomical reference planes of the brain and to understand the orientation of their axes with respect to the corresponding coordinate axes of the stereotaxic instrument (Fig. 1) . The surgeon needs to disentangle the problems of the compound angulation of the electrode pathway when misalignment occurs between the axes of the brain and the axes of the coordinate reference system (Fig. 1D) .
In some centers, in an effort to produce solutions to these complex geometrical problems, the attendance of mathematicians or even the use of digital computers has been found necessary. Such methods are expenReceived for publication December 9, 1968. sive and diminish the surgeon's direct control of an important part of the stereotaxic procedure.
To provide a relatively simple method of demonstrating these exact three-dimentional anatomical relationships and to give a visual indication of the electrode position within the brain, a three-dimensional mechanical analog or monitor has been introduced into the Salford stereotaxic system. The functions of the monitor can be summarized as follows:
1. To provide instrument coordinate settings for any chosen brain target 2. To give a visual indication on brain maps of the electrode tip position for any chosen instrument coordinates 3. To show the precise direction, the degree of angulation and the pathway of the electrode on three-dimensional models of the brain 4. To correlate during the operation physiological data with anatomical data (spontaneous electrical activity records and clinical effects of brain stimulation).
Other advantages of the monitor technique are:
5. There is no need for any calculation at any stage during the stereotaxic procedure. 6. No special arrangements are required to align the coordinate frame on the skull, and refixing of the frame is unnecessary if any misalignment occurs. 7. Radiographic magnification problems are eliminated, and true measurements are available directly from the monitor.
The principles of the Salford monitor are simple, the basic concept being to build a 361 Fro. 1. Brain planes and axes. Misalignment effects between brain axes and frame axes. three-dimensional model of the brain and the coordinate reference frame in their precise relative positions, thus providing a true mechanical analog of the actual surgical situation. The coordinate frame used in this particular technique is the Leksell 1 instrument, but the principles can be applied to any stereotaxic method using a rectangular cartesian coordinate system.
The paths taken by the x-rays through the ventricular reference points (the anterior and posterior commissures) are shown in in Figure 2 . These two "commissural rays" diverge from the x-ray source and intersect the left-hand plane of the coordinate frame at two points which are represented by coordinates (XA YA) and (Xe Ye). The rays pass through the anterior and posterior commissures and then intersect the right-hand plane of the Leksell frame at the two points (x~ y,~) (x~, yp). The rays then pass through to the film. The coordinates (XA YA), (Xe Ye), (xa y~), (xp yp) are established from the lateral radiograph.
A model of these commissural rays is established on the monitor in the following manner: the monitor consists basically of a rectangular frame geometrically similar to the actual Leksell frame and has engraved laminated plastic screens fixed onto the lefthand and right-hand sides of the monitor framework. The coordinates of the points on the commissural rays as they pass through the left-hand and right-hand planes of the coordinate frame are established by pins placed in the matrix of holes drilled in each plastic screen (Fig. 3 left) . When the pins are connected by elastic cross wires a scale replica of the commissural rays is constructed. The mid plane of the brain (the midsagittal plane) is established on the anteroposterior radiograph by constructing a line to intercept the images of the two Z scales of the Leksell frame at points Z, z (Fig. 2) . The two coordinates of the intersection of the sagittal plane and the angle of intersection ~ give sufficient information to establish a model of the midsagittal plane of
